statistical associations into causal relationships. The paper by Myles et al makes a strong case for the principle of balanced scepticism as a guide to all that you read.
In medicine we like to discover cause and effect relationships, because we can then manipulate the cause to get beneficial effects for our patients. However, as a profession, we have a touching-but somewhat misplaced-faith that our usual epidemiological methods of research are helpful in discovering the causes of disease. In this issue of Anaesthesia and Intensive Care there is a very interesting article by Myles et al which serves as a landmark warning to all who would base their treatments on epidemiological studies 1 . In brief, Myles at al have produced quite strong data debunking the idea that redheads are resistant to general anaesthesia.
It is instructive to follow the evolution of this myth. I would guess it started with anecdotes. Some patients have bad responses-perhaps moving at a critical surgical juncture, or breath-holding and going blue on induction of anaesthesia-scaring the anaesthetist and imprinting the event on the doctor's memory. If some of these patients were a bit unusual and had red hair, the association in memory between the bad event and the red hair would be strengthened. Then a few observational studies were done 2 which showed a statistical relationship between red hair and rapid waking after general anaesthesia and increased postoperative pain … it is starting to look like the myth has been anointed by the magic of statistical analysis. However, we would note that, even at this stage, there are a few dissenting (but ignored) papers which come to the opposite conclusion-that redheads are in fact resistant to pain 3 . The final stage of scientific sanctification is achieved when a plausible biological mechanism is found-a malfunctioning variant of the melanocortin-1 receptor gene is discovered to be an important cause of red hair, and this might be mysteriously linked to opioid receptor malfunction 4 . We now seem to have discovered a tidy package that reduces (by a little bit) the frightening uncertainty of the world in which we live! Probably the greatest statistical genius of the last century was R. A. Fisher. Almost one hundred years ago he almost single-handedly founded the science of inferential statistics. He also coined the term 'statistical confounder'. As seen in the title of this editorial, the word 'confound' has acquired several layers of meaning, but its origin is from the Latin "to mix up" 5 . Fisher was very aware that the possible presence of unknown confounders invalidates epidemiological studies as a way of proving cause and effect relationship 6 . Indeed as a mathematician he required very rigorous standards of proof to be convinced of the truth of any statement-and was renowned for arguing against the idea that smoking had been proven to cause lung cancer (an alternative explanation for his opposition to the link might be that he was known as an enthusiastic and long standing pipe smoker). The article by Myles et al is a perfect example of the discovery of the effects of a confounding variable. If we look at the possible explanatory variables one at a time, it would seem that redheads are significantly more resistant to general anaesthesia than non-redheads-as indicated by the fact that they wake up faster (P=0.0005, Table 3 of Myles et al). However this very strongly statistically significant result is actually false. If we include gender in the statistical analysis we see that, in this study, the supposed anaesthetic resistance of redheads can be completely explained by the fact that more redheads were female (see Tables 4 and 5 
of Myles et al) and
that females wake up faster than males.
Does this suggest that some gene in the XX chromosome pair plays a role in the mechanism of action of anaesthetic drugs? No. As Fisher was acutely aware, the best that the epidemiological approach can offer is a hint of an explanation which might become a lead for further, more mechanistic, explorations of cause and effect. It is quite possible that the conclusion, "gender is an important determinant of sensitivity to anaesthesia", might itself be subject to falsification by yet other unknown confounders. One obvious possible confounder is that males and females often have different operations (e.g. urology vs gynaecology). It should be noted that many other studies have not found gender to affect anaesthetic potency [7] [8] [9] . The power and complexity of hidden confounders cannot be underestimated and probably accounts for many of the conflicting results seen in different clinical trials. We should be aware that, while confounders are less of a problem in randomised trials, they are not eliminated from this study design 5 . Also that increasing the size of the trial does not necessarily help and in many cases may even make the effect of the confounders worse.
As a profession we have a natural aversion to uncertainty and tend to be too quick to transform Editorials Confound those damned confounders
